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- Computerized Achievement Testing
+ Using the Simple Logistic Model -
by
Mark D. Reckasge
University of Missouri~Columbia

Tailored testing, the selection and administration of items designed

to match each person's capabilities, has excited substantial interest since

its original dévelopment more than twvo decades ago (Krathwohl & Huyser,

M}?ﬁﬁ),nmngeyer, the majority of the research in this area has dealt -!

‘Columbia.

with aptitﬁdeﬂtesgé since théy‘ﬁaééﬁéigééii méeéMEﬁénéééaﬁﬁgiéﬁgqhade by
the test models used to implement the procedures. Achievement testing;
on the other hand, is an area of enormous potential for a procedure that.
can be self scheduled, self paced, and which yields, in theory, an
unlimited number of eguivalent measures that can be used for efficient

classroom assessment,

it

The purpose of this paper is to evaluate the use of tailored testing
for the measurement of classroom achievement., To date, minimal research
has been done in this area. Reckase (1975) compared the results of
testing using traditional methods and simple logistic tailored tests and
found the shorter tailored tests te giVe similar. measures to the longer
paper-and-pencil forms, A shortcoming of that sﬁudy was the small sample
size, limiting the generalizability of thé results.

Ferguson (1969) evaluated an approach for achievement testing based
on Wald's sequential analysis. He used 75 children in primary grades for
a real data simulation and found the seéuéntial test to yield high
vreliabilities and high correlation with the parent test. Other than
these studies, virtually no reséarch has been published in_gailored

achievement testing. ‘Thiglpéper aims to rectify the lack.
" ‘

Paper presented at the Annual Meeting of the American Educational Research
Association, New York, 1977. This research was funded by a grant from the
Research Council of the Graduate School of the Univexsitv. of Miesouri-
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‘where ¢  is a guessing parameter, a
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The Tailored Testing Model

. The tailored testing procedure used in the study reported here has
been described in detail elsewhere (Rackase, 1974), However, the major
components of the procedure will be briefly summarized to distinguish it
from the other techniques currxently being used.

The procedure is based on the simple logistic model developed by
Rasch (1960). This mathematical model was chosen more for reasons of
computational simplicity and speed than any belief that the model precisely
described the:interaction of ‘examinees and test items. Undougﬁéaly,7ﬁﬁng777*‘ﬂﬁﬁ
three-parameter logistic or normal ogive.models would fit the.response data
moré closely, However, calibration procedures for the three—pérameter
models are more complex and the cn-line ability estimatipn procedures are
more time-consuming, encouraging attempts to apply the simple logistic
model. ‘ o
The simple logistic model is based on the concept that the probability
that a person,presehted with ain item will respond correctly is a function
of two parameters: the ahility of the person and the easiness of the item.
The basic formula of the model is given in Equation 1 {(Rasch, 1966).

~  Fsi
(AsEi)
P{xs.} = , X
. 1+ AE,
8 1

sl = 0, . - 1]

where As ig an ability parameter for Pexson s, Ei is an easiness parameter

for Item i, and xs is the item score.

i
The simple logistic model'is a special case of Birnbaum's (1968)

three parameter logistic model.

a,i6_ - b,)

(1 - ci)e 108 i

P{X . =1} = ¢, + 2

si i a6 -b.) 2]
1+e1 S b &

i is a discrimination parameter, and

1 . .
b, is a difficulty parameter for Item i, and es is an ability parameter
for Person s. Equation 1 can be derived from Equation 2 by setting

c; = o, a, = L, e S= As' and e-bi = Ei' Excellent presentations of the
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properties of the simple logistic model have been given by Rasch (1960)
and whitely and Dawis (1974)., Birnbaum (1968) has described the three-
parameter model in detail, _

In order to use the simple logistic model in a tailored testing
environment, a pool of items is first calibrated to obtain estimates of
the easiness parameters, These paramsters are stored with the items in the
computer and are used in item selection, The calibration of items for
the atudy was done ueing a modified version of a program given in an

. _.article by Wright and Panchapakesan. (1969). ..

The actual testing procedure used has been classified by Weiss (1974).
as a variable branching, maximum likelihood procedure, The procedure
" begins testing with an item of median difficulty for the examinee's
estimated ability level if that information is available or an item of S
median difficulty for an average-person if there are no previous estimates.
A fixed stepsize up~and-down procedure is then followed until both a correct
and incorrect response are obtained, At that point, the ability parameter
is estimated and the next item is selected to have 0.5 probability or
laxger ofma correct response for the estimated ability. However, if no
items within %0,3 of this value are available, the session is texminated.
After each item is administered, a new ability estimate is computed and
it is used to select the next item. Administration of items continues
until all appropriate items in the pooi are used, ability has been estimated
to sufficient ‘accuracy, or a set number of items have been administered.

Research Design

The purpose of this study was to evaluate the reliability and validity

"gf-a test administered by-the - simple~logistic tailored: testing procedure.

The procedure was evaluated as a dévice for eatimating and predicting
academic performance on a statistics and measurement unit in courses at
the University of Missouri-Columbia. The study took place during the
_Summers of 1975 and 1976, , ’ '

The sample used for the study was composed of.13 students from graduate
and undergraduate measurement courses at the University of Missouri who

4 .
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volunteered to participate in the experiment. The students ranged from
college juniors to second year graduate students. Each student was
examined twice using the tailored test and was administered an attitude
scale concerning the testing procedure. Information about course achievement:
was also available for use as a criterion for validation of the tailored
achievement test. The experiment was conducted as follows.

During the week immediatelg following an examination of statistics‘

and measurement in two measurement courses, students were asked to sign up

.fox two testing sessions exactly one week apart. On the date of each

student's testing session, each was reminded of his appointment to rednce -
the number of "no shows." At the session, each student was examined using
a cathode ray terminal that had been connected to the IBM 370/168 computer
at the University while they signed in -for the experiment.

During the testing session, each student was administered items until

" those within 0.3 log easiness of that required by the program were no
longer available or until twenty items had been administered, whichever

- came first, The *0.3 log easiness rule resulted from tesearch'which

showed that using items greatly deviating from those requested by the
program induced bias in ths maximum likelihood routine (Reckase, 1975).
The twenty item limit was -imposed to keep the testing time within thirty
minutes, | .

The item pool for the tailored testing procedure was made up of 96
statistics and measurement items that had been stored in the computer
with calibration data.obtained using the Wright and Panchapakesan (1969)
program mantioned earlier. From 250 to 966 students were administered the
various test items to obtain the data for the calibration program. ‘

Exactly one week following the £iyvst testing, each student was tested
again using the procedure given above, However, the entxy point into the
item pool on the second testing was based on each student's ability
estimate from the first testing, rather than at the central point used
initially. Thus each student received quite a different set of items on

the second testing. After the second testing session a short attitude

questionnaire was administered to determine time pressures, perceived

difficulty, anxiety, and procedure preference.

5




5

From the two testing sessions and achievement measurements from the ‘
course, the following data were gathered on each student: (a) the responses
to the four item attitude questionnaire; (b) the ability estimate from the
first testing session; (c) the number of itemg administered at the first
session; (d) the ability estimate from the second session; (e) the number
of items administered at the second sessionj (f) the statistics and measure-
ment exam scores; (qg) the final exam scores; and (h) the number of days —
between the statistics and measurement exam and the first testing session.

The information collected was then analyzed to answer three- questions-“““WNWMN
(a) How reliable is the uchievement test administeted nsing ‘tailored-
testing as compared to the paper-and-pencil class exams; (b) Is the tailored
test or the traditional test better for predicting the final exam scores;
and (c) What attitudes do the students have toward the tailored testing

procedure?

Rasults

The descriptive.statistics summarizing the results are given in
Tables 1 and 2. . Table 1 gives the mean, median, standard dev:.at:.on, ‘skewness,
and kurtosis for each of the variables measured in the study for the graduate
and undergraduate groups. Since no evidence wes“found to indicate significant
differences in the mean values of the variables for the two groups, summary
data‘for the combined group is given at the bottom of Table 1. The separate
groups are maintained despite their similarity because the Exam II and
Final Exams are different for the'twosgroups requiring'separate correlations
in the validation of the tailored tests.

Insert Table 1 about here

Eased on the skewness and kurtosis valnes, the distributions for the
 first tailored testing are not significantly different from ‘the normal
distribution, while the second testing yields scores with a slight

negative skew. No difference was found between the mean score on the fi¥st™
testing and that obtained on tne'tailored test a week later, The

6
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distributions for the number of days after the class exam until the first
tallored testing, the number of items on the second tailored test are
significantly platykurtic, indicating the presence of a substantial number
. of both high and low values for these variables,
An important summary statistic for this study is the number of items
administered in the tailored testing sessions. The mean number of items
for the first session was found to be 13.68 and for the second session was C
12,08, The reduction is significant t(58) = 1,98, p < 0.05 indicating
 the effect of changing the starting- point in the item pool. Since the
-paper-and—penc1l»tests'Qeremédwitehs long, these results 1ndicate S
approximately a 75% reduction in the “number of test items used to measure
the student's ability.
Table 2 gives the values of the correlations between the relevant
variables for the graduate (below the diagonal) and underéraduate (above
the diagonal) groups. Since many of the correlations were found to be
R significantly different for the two groups, the correlations were not
) determined for the combined group. '

Insexrt Table 2 about here

The reliability of the tailored test is obtained fremvthe eerrelations
between the first 'and sacond tailored testing session. The reliability
technique used here is equivalent forms over time, since only about a
third of the items were the same as on the first testing. The values
obtained (0.49 for the undergraduate group and 0,69 for the graduate
group) correspond favorably‘to the KR-20 values of 0;53 and 0,76 obtained

" for the traditional tests on the same material for the.undergraduate and
graduate groups respectively. These values are especially close.considering '
i the conservative naturf of the equivalent-forms-over-time reliability method,

The correlation of the tailored test with the second course exams
also gives evidence for the reliability of the procedure since the
correlations with the peper—and-pencil tests are about the same as the
test-retest values, Thus the paper-and-pencil tests yield forms-that are
as parallel as the retest with the tailored test.

A
i . L I I
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The validity of the tailored test for predicting an outgide criterion
can be estimated from the correlationg with the final exam scores for the
two groups. The final exams cover substantially different material than the
tailored test or the paper-and-pencil second exam, making it an appropriate
test for predictive validity., For the undergraduate class, the paper-and-
pencil test had a substantially higher correlation than the tailored test
with the final exam scores (0,82 vs. 0.54) while for the graduate group
the correlations were about equal for the two tests,

The correlations-between the responses to the attitude items and the - - - —ov
other variables generally show that the attitude items tend to correlate C
with each other, but not with the test results. The only significant
correlations are between the item concerning pérceived test difficulty,
the first tailored test'fesults, and the number of items on that test, In
effect these correlations indicate that students who attalned hlgh scores
on the tailored test found it casi¢#® AHd took ‘fewer items.

The attitude items and response data are presented in Table 3. ';‘he
items were tested against a rectangular distribution of responses using a
x2 test to determine if there were any significant response tendencies in
e the data. The results show that students felt equal time pressure on the

tallored test and paper-and-pencil test, and found the tailored tests
harder. No significant preferonce was found between the tailored test and
paper-and~pencil test and” the two testing settings were evenly divided in

their anxiety producing effects.

Insert Tablé 3 about here :

Discussion

The purpose of the research reported in this paper was to try out
a simple~logistic tailored testing procedure for use in classroom achievement
testing., Two fairly different types of students took part, giving some
evidence for the generalizability of the findings, Also, the simple~logistic
E model is identical to the equal discrimination, no guessing case of the

three parameter logistic model which has been used in several simulation

8




studies (McBride, 1976; Lord, 1970). Thus the results presented here should
begin to fill in gaps in currently available resecarch results on tailored
testing. .

The results of the study can be organized into four areas: (a) reliability;
(b) efficiency; (c) validity; and (d) attitude. The reliability data
generally show that the tailored test yields essentially an equivalent form
to the traditional paper-and-pencil tests, This is indicated by the similarity
of the correlation of the tailored test with the paper-and-pencil tesi to
the paper~and~pencil test reliability. The equivalent forms over time
‘reliability is also consistent with Eh’:ifs; interpretation. The reliabilities
found in this stﬁdy are not extremely high, but they fall in the range typical
of classroom tests. The tests used also tended to be multidimensional
reducing the possible values of the internal consistency measures, and
--degrading-the unidimensiocnal-parametexrs.-of..£he..10gistic. MOAL e o mmimmmmmmisssimismsisiisser

The data on efficiency relate to the number of items’required by the
testing procedure and the amount of time requlred for the ‘testing session.

On the average, about twelve items were requlred for the tailored test

compared to fifty on the paper-and-pencil test showing a substantial
saving., also, the testing sessions avéraged,about a half hour for the
tailored test while fifty minutes were. reguired for tﬁe paper~and-pencil test.
'Thus both in terms of time and items used the tailored test reduces the |
requirements without losing reliability.

The data on predictive validity recported in the study did not yield
definitive results, One group (graduate) vielded validity coefficients
about equzl to the paper~and-pencil test for the tailored test, while the
other group yielded cocfficients substantially lower. This fact may be
explained by a difference in motivation for the students taking the
tailored test since it did not count toward their grade while the paper-

and pehcil test did. Method variance may also explain some of the differemces

since the final exams_were_in_the traditional. format. . Further_ research using
the tailored testing procedure for course exams should determine the

importance of motivational effects.
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The attitude itéms showed little relation to performance on the tests,
possibly a result of motivational factors, The students showed neither
more nor less anxiety or praference for either procedure, indicating that
the use of the terminal does not cause fear or uncertainty in the student.
The tailored tests did seem hard to the students., This seems reasonable
since the brighter students did receive much harder items than they were
used to on exams,

In summary, the results show the tailored testing procedure yields
rasults that are as good as traditional tests in measuring achievement with
a substantial reduction in test length and testing time:~The-predictive
validity may be somewhat iess than traditional tests, but this area
required further study before a definitive conclusion can be made.

Students preferred the tailored testing procedure equally to the traditional

- test.~and . .expressed. no.increase.in.anxiety.when .taking.the.test on the . I
terminal, However, the tallored tests did seem somewhat harder. Overall,
the simple-logistic tailored testing procedure seetr{s. to be a reasonable
alternative to the traditional ciass’;oom achievement test,

s gt Voo g e P b T e




Table 1

Descriptive-Statistics

First Second ‘ .
Number Tailored  Number Tailored Number F
jroup . Statistics of Days Test ~ of Items Test of Items Exam II° 1
Mean 4,23 1.87. 13,71 2,02 © 12,0677 TUsin16 T T
Median 5.06 2,17 —--.13.88 2,23 12,00 : 51.00
Standaxd T ‘ v
mdergrad Deviation 2,53 1,35 5.72 1.16 7.15 9.94
(N = 43) Skewness -0,51 -0,34 ~0,05 ~0,.41 -0,10 -0.22
Kurtosis . -1.28 0.11 ~1,73%*%  ~0,76 ~1,69%*% -0,87
N 43 41 41 35 35 43
Mean 2,63 1.94 13,63 1.87 12,11 54,13
Median 2,25 2,25 15.00 1.90 12,50 53.50
Standard ‘ '
sraduate Deviation 2,17 1.44 6.32 1.5 6,49 10,65
(N = 30) Skewness 0.66 -0,08 ~0.11 -0,%7 -0.26 ~0.08
Kurtosis -0,38 -1,05 ~1.87 -0.49 -1.34 ~0,93
N 30 27 27 28 28 30
Mean 3.58 1.90 13,68 1.95 12,08%
Median 3.95 2,24 14.00 2.22 12,38
Standard
Total Deviation ‘2450 1.38 5,92 - 1.33 6.81
(N = 73) Skewness -0.02 =0,22 ~ ~0.08 -0.52 -0,61
Kurtosis —1.42:f -0,.36 ~1,76%* ~0,.30 -1 53%*
N 73 68 68 63 63

8The Exam II and the éinal were different for the two groups and, therefore, statistics
“have not been combined for the total group. '

A A

0.05 A - .
*k 0.01 -




U RE Table 2

SN .. Correlations Between Variables by Group
(Undergrad above diagonal, grad below diagonal)

Variable Number

;vvariable N B | 2 3 4 5 6 7 - 8 9 10
?~e1. First Tailored Test —=  -79%% 49%*  59%  49%* 54%» -08 -1l 13 -01 -oa}f
f“fz."numbéf'of'xtems B - LA -37* “52%% - .30% - -48% -16 - =04  -21-- 8-
3. Second Tailored Test GO**  54%*x o ~85%%  45% 35 =05 -08 14
4. Number of Items " .55%%  G1%% _gO%* =  =41%%* -36 00 18 -12
f; 5. Exam II E5%% -5TR%  GENE  -53R% g2* -01 ~05 16
‘6. Final Exam | 27. -17  e2%  -59%  69%  -- 24 =07 -08
7. Number of Days 01 -1 -17 02 -18 -08  -- 13 -05
8. Question 1. -20 26  -25 15 -15 | —~ 19
9. Question 2 37%  -48%% 28 -30 02 )
;110. Question 3 07 -22 08 31 04 =16 =05 a1*  det
. 11. Question 4 -07 02 05 = -20 =12  ~55% -12 52%%  3g*
——— —

**p < 0,01




Table
Attitude Item: ata

Compared to multiple choice tests, the tailored test had

.. (a) moredtimehéressure. S ' 12 AR A

(b) lesa time pressure. . 17 3

(c) about equal time pressure. ’ "35, : 2

Compared to traditional multiple choice tests, the tailored test is

(a) easier, . 15 -3
(b) harder. : 45 1
(c) about as difficult, ‘ 4 : 2

As compared to the traditional multiple choice test,
A :

, - : Response Frequency Value
(a) I would rather take the tailored test. - 27 3

(b) I would rather take the traditional test. 16 1
(c) I prefer both equally well, 21 2

Taking the test on the gomputér makes me

' G . S Response Frequency Value
(a) more anxious than a traditional test. 19 1

(b) less anxious than a traditional test. .29 3
(c) about equally as anxious as the traditional ' :
test, ' 16 2

*Response distribution is significantly diffexent frcm a rectangular distribution
p S 0,05,

aThese are the values assigned to the responses for use when corralating the items
with the other variables,

13 .

Rssponse Frequency* valueﬁ«

Response Frequency* Value
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